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NEW  DEVELOPMEi|tS  IN  AErtUDYIIAMICS 


i- 


One  of  the  basic  characterlsliic  features  in  the  de^’elcpment  of  aeronaut: 
oal  and  rocket  engineering  in  the  last  15  years  is  a  sharp  increase  in  speeds 
of  planes  and  rockets.  At  this  jiiccnent,,  cany  tyof^s  of  planes  «ro  flying  at 
supersonic  speeds,  and  it  is  possible  to  say  definitelj’-  that  the  basic  typeaj 
of  aircraft  in  the  incnediate  f'.'.ture  will  also  'u:  destined  for  supersonic  | 
speeds.  The  speeds  of  flight,  which  are  two  t-j  three  ti-is^gre^ater  than  thel 

t 

speed  of  sounds  are  already  com.'on(r40te  that  the  speed  of  so^.'nd  exceeds  1,0C|0 

j 

kilometers  per  hour).  At  the  it  is  rossTule  to  consider  on  i 

valid  grounds  the  flights  of  g'Jidei  '^raft  i:i  atmosphere  at  speeds  exceeding 
the  speed  of  sound  by  five  to  sever,  tires  and  even  more*  Daring  the  flight  | 

i 

of  modem  rockets  into  the  atmosphere,  their  speeds  change  ever  a  wide  rangei 
and  can  reach  quantities  exceeding  the  speed  of  sound  by  mere  than  twenty 
times. 

During  the  treetment  of  these  profclercs  the  scientists  and  engineers 

i 

encountered  new  phenomena,  essentially  different  from  the  phenomena  experioriced 
at  moderate  supersc-r.ic  speeds.  An  understanding  of  these  phen-mena  required 
the  development  of  new  fields  of  aerodynard.cs,  and  namely,  supersonic  aero¬ 
dynamics.  The  ne#^arose  for  new  theories  ar,d  methods  of  investigating  and 
creating  essentially  now  terc  vr.cr.is  testing  plants  with  high-speed  measur- 
In  :  uyutems. 

As  the  night  sfeeds  Ir.crousG,  the  creation  of  no'-’  plane?*  end  rockets 
I't  trccr.i;.^,  j  y.vw'e;*.  a.’  evei  Ir.rroa '..Ing  dn'r'iculty .  A  sp-eat  dirflculty 
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arlsoa  In  solving  technical  problems  of  designing  and  building  new  flying 
cruft.  Vast  preliainary  co^nprehehsive  scientific  researches  are  necessary  i 

i 

to  overcome  these  difficulties.  Their  role  is  increasing  more  and  more.  | 

i  ! 

Lsirge  groups  of  people  are  involved  in  theoretical,  experimental  and  test—  j 

'  ■  ! 
ing  work  in  the  field  of  aeronautical  and  rocket  engineering;  complex  and  j 

expensive  plants  and  reliable  meaburing  instruments  are  required  for  carr3'--| 

ing  otit  this  work.  In  light  of  tjiis  fact,  it  is  especially  important  to 

develop  a  theory  providing  a  profbunc\  understanding  of  the  physical  laws  ofi 

!  ; 

penwaena,  which  with  we  have  to  deal  here.  | 

i 

I 

In  a  series  of  works  by  Proressor  G.  G.  Chemyy  on  aerodynamics  of  j 
flows  having  power f^jl  shock  wives( presented  in  1961  in  contest  for  the  j 
Lenin  Prize),  the  most  important  problems  of  gas  djTiamics  were  theoroticully 

■  .  S  * 

investigated,  in  addition  to  problems  of  turbulent  air  notion  around  elon-  j 
gated  arrow-shaped  bodies  at  great  supersonic  speeds (this  is  precisely  the  , 
most  advantageous  shape  of  flying  craft  at  these  speeds),  the  motion  of  air 
or  gases  on  powerful  explosions,  pulsed  electricaO.  discharges,  etc, 

A  new  method  of  investigating  and  calculating  such  motions,  proposed 
and  developed  by  G.  G.  Chemyy,  i?  based  on  a  profound  internal  realation- 
ship  between  seemingly  different  phenomena  o-f  propagation  of  shock  waves 
iu  the  air  and  the  air  motion  during  the  flight  of  a  missle  or  other  body- 
in  the  air  at  very  high  speed.  It  turns  out  that  the  motion  of  a,  body  in 
the  air  at  vptj-  high  speed  can  be  considered  a  continuous  sequence  of  ex¬ 
plosion;'  from  charger,  distributed  in  places  -/nere  the  body  is  flying 
through.  Precisely  this  circumstance  served  as  the  basis  for  Professor 
Chern:o"*s  firjitful  unification  ef  the  already  existing  theory-  of  air  motion 
or  pc-«e.-rul(atoin''c)  expl  csion;^  and  high  surersoric  cercd^rmlcti . 
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Q,  G.  Chemyy’s  success  consjlsts  not  only  In  thu  utilization  of  the 
theory  of  shocks  in  aerouynfciinic8,j  but  chiefly  in  the  development  of  unique  > 

theories  of  computation  methods  i|i  both  classes  of  phenomena.  He  created  • 

i  i 

effective  calculation  methods,  which  make  it  possible  to  find  simply  and  j 

I  I 

convieniently,  the  pressure  in  various  points  of  a  flying  craft's  surface,  j 

i  ,  j 

and  determine  quantities  of  resis|,ance  during  the  flight  of  a  body  in  the  j 

air.  !  j 

I  I 

I  ^  i 

G.  G.  Chemyy  devised  p.  method  vh'lch  proved  to  be  very  effective.  ! 

This  method  permits  a  calculation j of  air  notion  even  at  a  high  temperature, 
which  is  hi^ly  important,  since  the  air  temperature  near  the  center  of  the 

explosion  or  rear  the  nose  of  tSe  ibody  is  very  high  on  explosions  'and  in  j 

;  1 

i  '■ 

flights  of  todies  at  high  speed,  ilt  is  necessary  to  bear  i:i  mind,  that  at  j 

i '  ( 

high  temperature,  a  chemical  decortposition  of  the  air  oxygen  and  nitrogen  j 
molecules  takes  place  into  atoms,  end,  because  of  this,  the  mechanical  j 

properties  cf  air  as  «  gas  become  complierted,  | 

An  analysis  of  th-::  methed  developed  bj'  Professor  Chernyy  proved  that 
good  results  can  be  cotained  with  its  aid,  agreeing  with  the  few  available 

.  i 

calculfetions  on  high-speed  computers  and  with  experimental  data  obtained  in  ; 
hypersonic  wind  turu".els,  . 

In  G.  G.  Chernyy 's  vorks  'ind  in  the  works  of  other  Soviet  and  Fcreign  : 
autyurs,  Cfc'/eloplr.g  this  method,  par;/  eticaiiy  iritciestiiig  anu  vracti— 

cally  important  problems  were  solved,  and  the  natui’e  of  the  effect  o^ 
diversity  of  gecmctric  forms  of  moving  bodies  on  their  resistance  was  re- 
veelad.  In  particular,  it  brougnt  to  light  an  unexpected  and  highly  essen¬ 
tia]  effect  of  a  slight  blunting  of  r.hc  nose  of  thin  flying  craft  shells 
and  leading  eeges  of  v.'lngs  at  high,  sucerconic  suecd?  or.  pressure  distri- 

') 
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bution  over  their  surfaces  and  on  total  reslctance.  For  faxemple,  if  a  ; 
wing  is  one  meter  wide  and  eight  centimeters  thick  in  the  center,  and  its  i 

<  i 

i 

leading  edge  is  blunted  by  0,5  mLllimeters,  then  the  resistance  of  sut-'r;  a  | 

wing  will  be  twice  as  great  as  tjie  resistance  of  a  wing  with  a  sharp  lecd-| 

I  ^ 

Ing  edge.  The  effect  has  very  ij|iportant  technical  significance,  beccuse  a; 

slight  blunting  is  virtually  always  oresent,  an  a  sharn  nose  unavoidably 

I  ‘  i 

molts  and  blunts,  even  with  an  iilially  pointed  body,  during  its  motion  in! 

I  ■  i 

the  air. 

Or  the  basis  of  the  resells | of  his  investigations,  Chernyy  found  an  I 
essentially  new  law  cf  similaritjr  for  ambiant  flow  at  high  supersonic  j 

i  ‘ 

I  .  ( 

speed  around  elongated  bodien'  wilih  a  slight  blunting  cf  the  nose'.  This  la%i, 

I  *  i 

which  perfectly  agrees  with  expei*imental  data,  permits  to  reduce  signiflcaiitly 

I  I 

'  -  ! 

the  nuECer  of  difficult  and  expensive  experiments,  and  utilize  by  recslcu- ' 
lation  experimental  data  for  other  bodies  at  different  motions.  The  prac-  i 
tical  importance  of  these  recalculations  is  evident, 

.  The  theor.y ,  created  by  Chernyy,  leads  to  simple  formulas,  suited  for 
utilization  in  preliminary  aerodynamic  and  ballistic  calculations,  which 
must  be  conducted  in  a  large  quantity  in  the  designing  and  selection  of 
flying  craft.  His  theory  can  serve  as  a  useful  initial  base  in  the  compo-  ; 
sition  of  calculation  schemes  on  electiic  computers,  because  these  colcu- 
laticns  require  a  large  preliminary  analysis  and  labor-consuming  preparaticii 
oi  conputauion  programs,  Tio  ready  programs  are  available  so  far  for  solvirc 
many  problems  of  acrodynrmios  on  Computors, 

Chernyy’ 'r  theoretic*'!  works  are  devoted  to  the  most  important  problems 
of  modem  high-speed  aercdy^amics,  Thoy  ha-v-e  a‘!res'dy  received  recognition 
in  vor'd-wld;,  literature  and  have  served  as  the  basin  for  n';morcus  investi- 
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